Objective: To verify the student learning performance using the raw score, relative growth score and knowledge retention score.
Introduction
At present, the diversity and complexity of current medical information requires students to be on the alert for progress in their knowledge. In addition, it is claimed that memory tests are powerful vehicles for improving long-term retention.
As a result, the use of progress tests in rounds and clinics, to be administered at regular intervals, should be encouraged once formal instruction has ended (Bangert-Drowns et al., 1991; Roediger & Karpicke, 2006; Landauer & Ainsli, 1975; Landauer & Bjork, 1978) .
The use of raw score, relative growth score or gain score and knowledge retention score have long been implemented in educational systems.
Though there are different applications of the variety of ways to measure student achievement, it is by no means clear that they are the best choice to account for changes in student learning achievement. In addition, it is possible, even likely, that the application of one model over another will lead to different conclusions regarding the growth in achievement of the same group of students.
In order to prove this hypothesis, the raw score, relative growth score and knowledge
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Methods
The study was approved by the Institutional Review Board. Thirty-two out of forty nurse anaesthetist students in academic years 2011-12, Department of Anaesthesiology, Faculty of Medicine Siriraj Hospital, Mahidol University, volunteered to join the three-week study.
Participants logged on to a website for registration before performing the pre-test. Then they spent free time at their own pace to study the selected subject and performed the post-test over the next three weeks. The program identified learning weaknesses while avoiding giving those direct answers immediately after the tests. In other words, to get the proper answer for each item of the test, students needed to study the content appearing on the website. The method promoted the learner's role as the decisionmaker and planner, self-assessment designer, and the implementer of the discovered information. No efforts were made to evaluate whether students completed their assignments, as the computer program recorded students' profiles in a real-time fashion (name, ID and password, frequency, date and time of access, number of exercises, and score earned).
After three weeks, the website was locked. As usual, participants followed the educational training program in rotation-patients care in the wards, operating rooms and intensive care unit. Besides their ordinary routine, they were able to gain subject contents through available textbooks, bedside teaching staff, daily patients' visit, discussion of the topic among friends and residents etc. which provided them with current and relevant information. One month later, the final1 test was held in a classroom without prior notice, which students had to complete a paper-pencil test of 40 short answers written examination within one hour. In addition, the final2 test took place exactly 4 weeks apart in the same fashion. All tests were developed by using a concept and knowledge map of the selected subject to determine the table of specifications and were under the same behavioral objectives (Novak, 1996) .
After the final2 test, students were also interviewed regarding application of the system to self-learning, perceived problems and obstacles, potential weaknesses, risk prevention, as well as opinions on the achievement arising from learning through the system, and the tendency for system application to improve medical study.
Available test scores in the electronic database with unique identification numbers for students were calculated to determine individual students' relative growth and knowledge retention score over time. The difference scores between pre-test and posttest, pre-test and final1 test, as well as pre-test and final2 test were calculated for the relative growth score1 (G1), relative growth score2 (G2) and relative growth score3 (G3) respectively (Kanjanawasee, 1989 ).
In addition, the relative growth score difference was determined as knowledge retention score. Therefore, the difference between G1 and G2, as well as G1 and G3 were worked out for the knowledge retention score1 (R1) and knowledge retention score2 (R2) respectively (Figure 1 ).
Validation and reliability of the test
The correctness and suitability of all tests (content validity and index of item objective congruence, IOC) were determined by four anaesthesiologists not involved in the project and with at least 10 years of experience in medical science education. For additional review, 16
second-year residents in anaesthesiology performed all tests to verify the assessment of criterion-referenced test item difficulty, discrimination and internal consistency (Cronbach, 1951) . Scores graded by four non-physician evaluators measured the outcome.
Statistics
The pre, post, final1 and final 2 test raw scores as well as relative growth scores were analysed by ANOVA and Dunette T3 26% Score *G1 = relative growth score1, G2 = relative growth score2, G3 = relative growth score3, F = full test score, X = pretest score, Y = post-test score, Y1 = final1 test score, Y2 = final2 test score *R1 = knowledge retention score1, R2 = knowledge retention score2
Results
For all tests on the website, the IOC of the test was equal to 0.89, 0.80 and 0.95. The assessment of criterion-referenced test item difficulty, discrimination and internal consistency was 0.78, 0.89 and 0.87; 0.17, 0.11 and 0.20; and 0.85, 0.86 and 0.95.
For pre/post/final1 and final2 tests, the IOC was 0.88.
The assessment of criterionreferenced test item difficulty, discrimination and internal reliability was 0.59, 0.38 and 0.91. (Table 3) .Though G2 and G3 appeared to decrease as compared to G1, they were not significantly different.
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Discussion
The significantly high raw scores after the pretest implied that the students' learning achievement was satisfactory and the criterion-referenced assessment under this study was able to categorize student performance levels for the selected subjects (Jacobson, 2008) .
After the final1 test, the data revealed insignificantly but clinically, a relatively modest decline in both raw score and relative growth score. After the final2 test, the obvious increases of relative growth score and knowledge retention score reflected on student's achievement. This finding seemed to follow what some authors claimed that the growth models had good prediction on academic gains rather than the raw score (Barton et al., 198; Bryk & Raudenbush, 1988; Linn & Haug, 2002; Stevens et al., 2000) . However, the knowledge retention score showed a strong correlation to each other as compared to the relative growth score. As a result, the retention of knowledge score could be issued as the best prediction on the assessment of students learning performance.
The features and relationships of raw score, relative growth score and knowledge retention score should be mentioned. Though the raw score has been widely used in many educational fields due to its simplicity, it is not good enough to assess the learner's professional achievement. Based upon the assumption of formative assessment, the use of knowledge retention score seems to play a crucial role in higher academic learning. It implies students' enthusiasm in self-directed learning, problem-solving ability, individual help-seeking strategies, and developing critical thinking with discretion for self-assessment. However, it is a complex and time-consuming process to set up the longitudinal tests and calculate on the knowledge retention score for any selected subjects.
The reasons behind students with high knowledge retention scores by the end of two months, where they would be expected to forget some information may be varied. First, since these students were on a rotation in the patient's ward, operative theatre, recovery room and intensive care unit; they could gain more experience and practice with patients from attending staff to master core knowledge. Second, participants should be convinced that only they are accountable for what they have learned while being committed to the patient care. Therefore, the instructional methods that include understandable real materials rather than struggling with only theoretical concepts and artificial problems develop long-term memory better (Kvan, 2000; Robbs & Meredith, 1994; Kripalani et al., 2006; Nadir et al., 2004; Branch & Paranjape, 2002; Paukert et al., 2002) . This finding echoed the opinion suggested by Valdez & Paulson (2007) and Euliano et al. (2003) regarding the application of technology that appeared to be an effective stepping stone for students to begin developing their higher-level learning and problem-solving skills. Finally, participants had learning group tuition with their friends for rehearsal or relearning the materials after daily rounds. Cooperation resulted in more interaction as group members encouraged and facilitated each other's learning which in consequence affected the outcome achievements and thus enhanced knowledge retention (Bligh, 1972; Johnston et al., 2000; Reinaldo & Rahn, 2006) .
Conclusion
The knowledge retention score was the best predictor of academic gains. Frequent testing by interim tests might be the explicit aim of many medical curricula nowadays to train students to become self-directed and lifelong learners.
